Introduction
usculoskeletal injuries mostly occur in the ankle. Approximately 25% of all sports injuries occur in the ankle [1, 2] . Lateral ankle ligament sprains are prevalent in sports such as basketball, volleyball, and handball with frequent jump landings [2] . Functional Ankle Instability (FAI) in athletes is a concerning outcome of the first incidence of lateral ankle sprain in 60% of all cases [3] .
Functional instability refers to the foot's tendency toward recurrent sprains due to the inability to maintain ankle joint stability during dynamic activities such as stair ascent and descent, changing path, or jump landing [4] . FAI can change the neuromuscular function of the nervous system and has adverse consequences [3] . This is because FAI, by disrupting the proprioceptive sense of ankle joint, results in local and general impairments in movement control patterns [5] [6] [7] .
Chronic pain, osteoarthritis, as well as reductions in the muscle strength around the joint, proprioceptive acuity, and Range of Motion (ROM) of ankle joint dorsiflexion are among local impairments [1, 2] . Furthermore, increased postural sway, balance disturbance, core stability muscles dysfunction, neuromuscular dysfunction of ankle muscles, gait perturbation, kinematics of lower limb proximal joints, and increased reaction time in athletes are among general impairments observed in ankle joint [5, 6, 8] .
According to previous studies, balance is one of the main factors affecting FAI [9] [10] [11] . According to Arastoo et al. (2011) people with instability in their ankle joint exhibit balance impairments when performing functional activities. This is because of the impaired function of sensory neurons in these individuals. Such impairment extends from the ankle joint to the central and peripheral nervous system. It also affects the function of motor neurons, leading to the perturbation of postural control while performing dynamic and functional activities [9] . As mentioned before, FAI reduces muscle strength, weakens proprioception sense, and increases the reaction time in athletes. These three factors are highly related to the individuals' balance. Thus, the disruption of these three factors may also affect balance [6, 12, 13] .
In general, humans use different strategies to maintain and recover their balance when faced with sudden perturbations, depending on their severity. They include fixed-support strategies (e.g. ankle and hip strategies where the displacement of the Center of Gravity (COG) is controlled without a change in the base of support) and
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Highlights
• Functional ankle instability can change the motor control programs.
• In this situation, the balance recovery strategy is transferred from the ankle to hip due to degradation of proprioception sense and reduces ankle muscle strength.
• This recovery strategy can be considered as an ankle risk factor.
Plain Language Summary
Functional ankle instability can affect the balance and its correlates, including the balance recovery strategy. This strategy exposes the athlete to various injuries. This issue has not been explored much in previous studies. In this study on athletes with and without functional ankle instability, the hip and ankle joint muscles activities were assessed by surface electromyography during performing single-foot jump-landing tasks. Then, the balance recovery strategy was evaluated by calculating the ratio of hip joint muscle activity to ankle joint muscle activity. According to the results, the athletes with functional ankle instability use their hip muscles more than ankle muscles to maintain and recover their balance compared to normal athletes. This transfer strategy increases the likelihood of loss of balance and injury. This transfer from ankle to hip joint can be attributed to the proprioceptive deficits and thus sending wrong messages from the ankle joint to the nervous system. Over time, this can lead to changes in central nervous system motion control programs. The change in these programs can disrupt the proper activation of lower limb muscles and increase the likelihood of injury.
change-in-support strategies (displacement of the COG is controlled with a change in the base of support) [14] .
The ankle strategy deflects the trunk's forces in the ankle joint and prevents the transfer of forces to higher joints. Then, it can result in the movement of COG outside the base of support and loss of balance. Therefore, it is the safest strategy when facing postural perturbations [11, 14] . However, studies report that people with low ankle joint muscle strength, declined proprioception sense and high reaction time usually use hip strategy instead of ankle strategy [11, 12, 14] .
Although the balance recovery strategies have been mainly evaluated in elderly people, few studies have highlighted the importance of balancing strategies in young people and athletes. Riemann stated that patients with unilateral FAI, use hip strategy for postural control, rather than ankle strategy [15] . These people, for compensating the created instability, require higher levels of ankle muscle co-contractions to maintain their ankle stability. However, due to weakness in the ankle muscles, disturbances in the transmission of sensory information, as well as motor information, they have to rely more on hip strategy to correct their movements [3, 15] . Therefore, the importance of balance and the strategies applied for its maintenance and recovery is especially higher in athletes who experience more sudden perturbations in functional activities. Thus, the use of ankle strategy seems necessary for this purpose. The available data are scarce on the balancing strategies of non-elderly people. The available studied have focused on comparing these strategies in young people or those with a particular disease. Some researchers also used tools like kinetic or kinematic systems during static activities like singleleg stance [9, 4] . Therefore, this study aimed to evaluate the Balance Recovery Strategy in young athletes suffering from FAI during single-leg jump landing tasks. We used surface Electromyography (EMG) system.
Materials and Methods
This was a causal-comparative study. The statistical population consisted of all male athletes in Tehran City, Iran, playing for the university sports teams. The subjects aged 18-25 years and suffered from FAI. The sample size was estimated based on the approaches used in the previous studies [16] and considering the confidence interval of 95% and a test power of 80%. Based on Mean±SD scores reported by Chimera et al. (2004) the sample size was calculated as 12. Additionally, considering the probability of sample dropouts, it was increased to 15.
The purposive sampling method was applied to select the study samples from basketball, volleyball, and handball team players. In total, subjects were 15 male athletes with FAI and 15 normal peers (the controls). Those in the FAI group were randomly assigned into three groups of basketball (n=5), volleyball (n=5), and handball (n=5). Subjects in both FAI and control groups were matched on age, height, weight, and Body Mass Index (BMI).
The inclusion criteria were the presence of FAI, a history of at least one lateral ankle sprain injury that needed treatment and inactivity; full weight-bearing ability; normal walking with full ROM of ankle joint; scoring ≤27 from ankle instability questionnaire; no mechanical ankle instability observed by obtaining negative scores from anterior drawer and talar tilt-tests; no pain, weakness, and functional limitation in the affected ankle compared to another ankle; no disorders in nervous or vestibular systems, or head injury; and no histories of participation in any ankle rehabilitation programs over the past 6 months [17, 18] . On the other hand, the exclusion criteria were unwillingness to participate in the study, feeling of severe pain during the study, and the consumption of any sedatives within 48 hours before the study.
General information about the process of the study was provided to the subjects. Then, they were asked to be present in the laboratory of the Faculty of Physical Education and Sports Sciences of the University of Tehran, at the appointed time. After the presence of subjects in the laboratory, the initial preparations, including wearing suitable sports clothes and shaving excess hair for placing EMG electrodes, acquiring general information and anthropometric measurements, were performed. Next, they were asked to warm-up on a bicycle ergometer for 5 min, then did the lower limb exercises and stretching. Afterward, EMG electrodes were attached. For this purpose, disposable electrodes with a circular contact area of 1 cm diameter were used.
EMG was demonstrated based on bipolar configuration, where the center-to-center distance was 20 mm [2] . The determination of electrodes placement was according to the Surface Electromyography for the NonInvasive Assessment of Muscles (SENIAM) standard. Additionally, the exact positions of electrodes were determined by touching the bony landmarks and Maximum Voluntary Isometric Contraction (MVIC) testing. Then, the electrodes were placed on the skin along the muscle fibers [19] . The suitable electrode positions for the muscles were as mentioned below.
Peroneus longus: one-fourth of the distance from the head of the fibula to the lateral malleolus. The position of the electrode was determined during isometric ankle eversion contractions. Tibialis anterior: one-third of the distance from the tip of the fibula to the inter-malleoli line. The position of the electrode was determined during isometric ankle dorsiflexion contractions. Lateral gastrocnemius: one-third of the distance from the tip of the fibula to the central side of the Achilles tendon. The position of the electrode was determined during isometric ankle plantar-flexion contractions.
Gluteus maximus: half of the distance from the sacrum to the greater trochanter. The position of the electrode was determined during back-lying isometric hip extension. Gluteus medius: half of the distance from the iliac crest to the greater trochanter. The position of the electrode was determined during side-lying isometric hip abduction. Rectus femoris: half of the distance between anterior superior iliac spine and patella. The position of the electrode was determined during back-lying isometric hip flexion [2, 19] .
After EMG electrodes placement, the subjects were instructed on how to properly perform single-leg jump landing task. Then, they were requested to, first, perform several practice trials to learn more and get prepared. Finally, when the EMG device was recording, each subject was asked to perform the single-leg jump landing task for 5 times, with a 30-second rest between each task.
Single-leg jump landing task
The lateral ankle sprain injury mainly occurs following dynamic activities like jump landing task. Therefore, the factors associated with this injury should be determined in a similar condition, to find how this damage occurs. Single-leg jump landing task was used in this study because of being a reliable method for analyzing the factors affecting ankle injury. It is also a safe method to challenge ankle stability and can well recover the injury to the ankle sprain [2, 20, 21] .
For performing single-leg jump landing task, as shown in Figure 1 , the subject was requested to stand on a 40-cm height platform with hands on the hips. Then, bend the injured foot from the knee while standing on the noninjured foot. The subject was then asked to jump up to 5 cm and land with the injured foot while maintaining balance for 3 s. The repeatability level of jump height in jump landing task is high. Fitzgerald et al. reported a high Intraclass Correlation Coefficient (ICC=0.84) for the repeatability level of jump height [22] . The jump landing task was repeated 5 times, and the mean score of 5 correct landings was used to examine the Balance Recovery Strategy. This protocol included standing on the non-injured foot, jumping, and landing with the same foot.
To evaluate the subjects' Balance Recovery Strategy, the ratio of feedback-generated muscle activity of hip joint to the feedback-generated muscle activity of ankle joint (H/A ratio), in a period between initial foot-floor contact and 250 ms after contact, was calculated. For this purpose, the signals registered at this period were processed in the MegaWin program. In this program, the raw EMG signal was processed by the Root Mean Square (RMS) algorithm with a time constant of 50 ms.
In EMG signals processing, to provide comparability between different muscles and different subjects, muscle activity must be normalized to a reference value [2] . For this purpose, the values obtained from calculating the RMS in muscle activity during perturbations are divided into the values obtained from the MVIC of each muscle. Then, the rate of muscle activity is expressed as a percentage of MVIC (i.e. MVIC %). Each MVIC test was repeated twice for 5 s, then the average value of 3 s of MVIC was used to normalize the data.
The study variables were presented by descriptive statistics and the inferential statistics were used to analyze the data in SPSS. To investigate the differences in anthropometric characteristics between the two groups, the Independent t-test was applied. Multivariate Analysis of Variance (MANOVA) was used to compare the Balance Recovery Strategy between the two study groups. The significance level was set at P<0.05. 
Results
Anthropometric characteristics of the subjects in each study group are presented in Table 1. MANOVA results  (Table 2 ) revealed a significant difference between the groups with respect to the used Balance Recovery Strategy (P<0.05). Additionally, the FAI group preferred to use hip strategy rather than ankle strategy (Table 3 ).
Discussion
The current study evaluated the balance recovery strategies of athletes with FAI during performing jumplanding tasks. The obtained results indicated the use of different balance recovery strategies by athletes with FAI compared to their normal peers. People with FAI, during sudden perturbations like landing after a jump, use muscles of higher joints like the hip joint for compensation.
They use this strategy instead of controlling the perturbations at the ankle joint and preventing it from transferring to larger joints. They are incapable of applying a safe ankle strategy. The findings suggest that the use of an ankle strategy is the safest and most appropriate method to deal with perturbations that disturb the balance [14, 23] . This is because it prevents the transfer of disturbing balance forces to larger joints, avoids the COG from falling outside the base of support, and prevents disturbance of balance and possible damages [14] . This is especially important in athletes who are constantly exposed to sudden perturbations and loss of balance.
Although many studies have investigated the athletes with FAI, and most studies have suggested balance impairment in athletes as one of the most important consequences of the FAI, few research studies have been conducted on their strategy for maintaining and recovering balance. These studies evaluated the Balance Recovery Strategy by assessing static balance with single-leg stance test. They concluded that the created perturbation was not similar to the natural perturbations that a person experiences on the pitch or during training. Furthermore, the subjects lacked FAI, but only an ankle sprain history [3, 14, 15] . Therefore, this study is the first to investigate the strategy of balance recovery in athletes with FAI and during a completely functional task like jump landing.
The balance recovery approaches include fixed-support strategies like ankle and hip strategies and change-insupport strategies like stepping. Obviously, in fixed-support strategies, the center of mass displacement is much lower and the trunk has more safety. With the higher perturbations, the strategy used for the ankle joint is transferred to larger joints such as hip joint or stepping [13] . However, the strategies used by the trunk to maintain and recover balance can be influenced by various factors. Aging and related physiological changes, certain diseases, vestibular disorders, visual impairment, musculoskeletal abnormalities in the trunk, as well as physical damages are among the most important factors that can change balance strategies from the ankle to hip [9, 13, 15] .
There is a strong association between balance capabilities and balance recovery strategies. FAI is among the most frequent and important factors of balance disturbances [11] . It can disturb the balance and its recovery strategy by reducing muscle strength, degradation of the ankle joint proprioception sense, declining the musculoskeletal system function, and delaying reaction time [7, 15] . Some studies have evaluated the elderly, following muscle weakness, an impaired sense of proprioception, and a slow reaction. They concluded that Balance Recovery Strategy, when confronted with a perturbation, was transferred from the ankle to the hip, which could increase balance problems, and the risk of falling and possible damages [13, 14] . In people with FAI, like the elderly, ankle muscle weakness, reduced reaction time, as well as declined proprioception sense are evident [6, 7] .
According to , the high accuracy of proprioception and sensory information received from articulate receptors are important because the nervous system uses sensory information to maintain stability and safety in the joint by sensory triggering either in feedback or feedforward mechanisms [24] . The high accuracy of sensory information, particularly in functional tasks like jump landing which causes high perturbation in the trunk, is more important.
The jump landing task used in the current study challenges the recovery strategy after perturbation in the form of feedback-generated muscle activity. However, the important role of feedforward activation of muscles in securing stability and avoiding balance disturbance should not be neglected. This is because the central nervous system uses sensory information to regulate muscle stiffness and use predetermined motor programs [25] . Obviously, in patients with FAI, due to the disturbance in ankle joint proprioception sense, the accuracy of sensory information is low. Thus, this contributes to the change of Balance Recovery Strategy from the ankle joint to hip joint, reported by the studied subjects.
According to the obtained results, there was a little difference between the level of hip muscle activity in the healthy and FAI groups (MVIC 38% vs. MVIC 43%). However, there was a dramatic difference between them in terms of ankle muscle activity which cause the domination of hip strategy over ankle strategy in the FAI group (MVIC 55% vs. MVIC 36%).
It can be concluded that the reason for the change of Balance Recovery Strategy from ankle to hip in people with FAI is the disruption of proper activation of the muscles around the ankle, especially the peroneus longus muscle. The results revealed that ankle injury disturbs the messages transmitted from the mechanical receptors in the ankle joint. Over time, this can reduce proprioception sense by controlling interneurons and reducing the activity of motor units in muscles responsible for controlling ankle movements.
Long-term degradation of proprioception alters reference motor programs and their replacement to inappropriate motor programs with planning errors [6, 24] . The motor programs controlling ankle movements might be ineffective when faced with sudden perturbations and are unable to activate the ankle muscles properly. In this case, the trunk automatically and by a compensatory mechanism uses other motion control strategies, including hip strategy to maintain balance. The change in using Balance Recovery Strategy from ankle to hip increases the time to achieve stability, during which the COG can move outside the base of support and increase the risk of balance loss and falling [26] .
The balance recovery strategies in patients with FAI, in comparison with the controls, have changed from ankle strategy to hip strategy. This can increase the risk of COG's falling outside the base of support, loss of balance, and possible injuries. Therefore, it is recommended that FAI rehabilitation programs be developed to improve the proper functioning of ankle joint muscles when exposed to sudden perturbations. This could also create coordination between the ratio of ankle muscle the activity to hip muscle activity and the ability to restore the Balance Recovery Strategy from the hip joint to ankle joint. Because of cultural issues, there were some limitations for evaluating female athletes. Thus, we recommend that further research be conducted on assessing the balance recovery strategies of female athletes with FAI. Moreover, it is suggested that these strategies be evaluated in other sports where the risk of FAI is high and with larger sample size.
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